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Abstract
Linear spinor fields are a generalization of the Dirac field that have direct correspondence with
the known physics of fermions, inherent causality properties in their most fundamental constructions,
and positive mass eigenvalues for all particle types. The algebra of the generators for infinitesimal
transformations of these fields directly constructs the Minkowski metric within the internal group space
as a consequence of non-vanishing commutation relations between generators that carry space-time
indexes. In addition, the generators have a fundamental matrix representation that includes Lorentz
transformations within a group that unifies internal gauge symmetries generated by a set of hermitian
generators for SU(3)×SU(2)×U(1), and nothing else. The construction of linearly independent internal
SU(3) and SU(2) symmetry groups necessarily involves the mixing of three generations of the mass
eigenstates labeling the (massive) representations of the linear spinor fields. The group algebra also
provides a mechanism for the dynamic mixing of massless particles of differing “transverse mass”
eigenvalues conjugate to the affine parameter labeling translations along their light-like trajectories.
The inclusion of a transverse mass generator is necessary for group closure of the extended Poincare
algebra, but its eigenvalue must vanish for massive particle representations. A unified set of space-
time group transformation operations along with internal gauge group symmetry operations for linear
spinor fields will be demonstrated in this paper.
1 Introduction
The Dirac equation utilizes a matrix algebra to construct a field equation that is linear in the quantum
operators for 4-momentum. Since inversion of linear operations is straightforward, the properties of
evolution dynamics described using such linear operations on quantum states have direct interpretations
(e.g. towards constructions of resolvants or propagators)[1][2][3]. The Dirac formulation can be extended
to generally require that the form Γˆµ Pˆµ be a Lorentz scalar operation, resulting in a spinor field equation
of the form
Γβ · h¯
i
∂
∂xβ
Ψˆ
(Γ)
(γ)(~x) = −(γ)mc Ψˆ
(Γ)
(γ)(~x), (1.1)
where m is positive for all particle types, and Γβ are finite dimensional matrix representations of the
operators Γˆβ . For massive particles, the particle type label (γ) is just the particular eigenvalue of the
hermitian matrix Γ0. In the Γ = 12 representation, the matrix form of the operators Γ
β = 12γ
β are one
half of the Dirac matrices[4][5], and the particle type label takes values (γ) = ± 12 , eliminating the need
for any filled “Dirac sea” of negative energy states.
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2 An Extension of the Lorentz and Poincare Groups
An extension of the Lorentz group can be defined using the algebra
[
Γ0 , Γk
]
= iKk, (2.2)[
Γ0 , Jk
]
= 0, (2.3)[
Γ0 , Kk
]
= −iΓk, (2.4)[
Γj , Γk
]
= −i ǫjkm Jm, (2.5)[
Γj , Jk
]
= i ǫjkm Γ
m, (2.6)[
Γj , Kk
]
= −i δjk Γ0, (2.7)
which has a Casimir operator CΓ = J · J − K ·K + Γ0 Γ0 − Γ · Γ that commutes with all generators of
the group. The operators CΓ, Γ
0, and Jz have been chosen as the set of mutually commuting operators
for the construction of the finite dimensional representations.
The matrices corresponding to Γ = 12 (the fundamental representation) have dimensionality N 12 = 4,
and will be expressed in terms of the Pauli spin matrices σj as demonstrated below:
Γ0 = 12
(
1 0
0 −1
)
Jj =
1
2
(
σj 0
0 σj
)
Γj = 12
(
0 σj
−σj 0
)
Kj = − i2
(
0 σj
σj 0
) (2.8)
A representation for the Γ = 1 matrices can be found in Appendix D.2.1 of reference [1].
The inclusion of space-time translations into the group algebra must result in a self-consistent closed
set of generators. The 4-momentum operators together with the extended Lorentz group operators do
not produce a closed group structure, due to Jacobi relations of the type [Pˆj , [Γˆ
0, Γˆk]]. An additional
momentum-like operator, which will be labeled MT , must be introduced, resulting in additional non-
vanishing commutators:
[Jj , Pk] = ih¯ ǫjkm Pm, (2.9)
[Kj , P0] = −ih¯ Pj , (2.10)
[Kj , Pk] = −ih¯ δjk P0, (2.11)
[Γµ , Pν ] = i δ
µ
ν MT c, (2.12)
[Γµ , MT ] = i
c
ηµν Pν , (2.13)
The final two relations extend the Poincare algebra as necessary to close the algebra.
Linearity of the operator ΓµPµ in the energy-momentum generators is quite useful in developing the
field equations defining linear spinor fields. Important commutation relations of this operator are given
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below:
[Jk,Γ
µPµ] = 0 (2.14)
[Kk,Γ
µPµ] = 0 (2.15)
[Pβ ,Γ
µPµ] = −iMTPβ (2.16)
[MT ,ΓµPµ] = −iηβνPβPν (2.17)
From (2.17), the operator MˆT only commutes with ΓµPµ for massless particles, while from (2.16) the
4-momentum operator only commutes with ΓµPµ for those states with eigenvalues of MˆT that vanish.
For massless states mT 6= 0, the operator MˆT is the generator for translations along the affine parameter
labeling the light-like trajectory of the massless particle.
2.1 Unitary massive particle states
A Casimir operator for the complete extended Poincare (EP) group whose eigenvalues label irreducible
particle states can be constructed from the Lorentz invariants
Cm ≡ M2T c2 − ηβνPβPν . (2.18)
This form suggests that the hermitian operator MT be referred to as a transverse mass parameter of the
state. The quantum (standard) state vectors labeled using mutually commuting operators satisfy
Cˆm |m,Γ, γ, J, sz〉 = m2c2 |m,Γ, γ, J, sz〉 ,
CˆΓ |m,Γ, γ, J, sz〉 = 2Γ(Γ + 2) |m,Γ, γ, J, sz〉 ,
Γˆ0 |m,Γ, γ, J, sz〉 = γ |m,Γ, γ, J, sz〉 ,
Jˆ2 |m,Γ, γ, J, sz〉 = J(J + 1)h¯2 |m,Γ, γ, J, sz〉 ,
Jˆz |m,Γ, γ, J, sz〉 = szh¯ |m,Γ, γ, J, sz〉 ,
(2.19)
where Γ is an integral or half-integral label of the representation of the extended Lorentz group, and J ,
which has the same integral signature as Γ, labels the internal angular momentum representation of the
state. Unitary representations of general momentum states are generated via boosting standard states
satisfying (2.19). For a more complete treatment of the algebra, symmetries, and causality properties of
linear spinor fields, the reader is invited to examine sections 4.3 and 4.4 in reference [1].
2.2 Development of group metric on space-time indexes
For a general algebra satisfying
[
Gˆr , Gˆs
]
= −i ∑m (cs)mr Gˆm, the adjoint representation expressed in
terms of the structure constants defines a group metric ηab given by
ηab ≡
∑
s r
(ca)
s
r (cb)
r
s . (2.20)
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This group metric defines invariants on products of group generators, such as the Casimir operator.
In particular, for the non-commuting operators Γµ that carry a space-time index conjugate to the 4-
momentum, a group metric describing an invariance is given by
η
(EP )
Γµ Γν = 8 ηµ ν (2.21)
where ηµ ν is the usual Minkowski metric of the Lorentz group. The Minkowski metric is thus non-trivially
generated explicitly within the extended Lorentz group algebra (beyond the Lorentz invariance implicit in
Lorentz transformations). This group theoretic metric can be used to develop Lorentz invariants using the
operators Γµ, which transforms as a contravariant 4-vector operator. Its explicit use in group invariants
directly connect group operations to curvilinear coordinate transformations. One should note that the
group operator I ≡ η(EP )Γµ ΓνΓµ Γν is not proportional to the identity matrix, or even a diagonal matrix, for
general representations Γ > 12 . However, I commutes with all generators of Lorentz group transformations,
as does ΓµPµ.
The standard Poincare group has no non-commuting operators that can be used to explicitly connect
the group structure to the metric properties of space-time translations. Since the generators Pµ transform
as covariant 4-vectors under arbitrary coordinate transformations (of which group transformations are
a specific subset), the group structure generating the linear spinor fields is explicitly tied to curvilinear
space-time dynamics through the principle of equivalence.
3 A Complete Set of Hermitian Generators
The fundamental representation of the extended Lorentz group can be developed in terms of 4 × 4
matrices of the group GL(4). Since there are 16 Hermitian generators whose representations are 4 ×
4 matrices, there are an additional 12 Hermitian generators in the group[6]. Of course, one of those
generators is proportional to the identity matrix, and it generates a U(1) internal abelian symmetry group
defining a conserved hypercharge on the algebra.
One can construct a linearly independent set of 11 additional generators using the Hermitian forms of
the anti-Hermitian generators Γj andKj given by Tj = iΓ
j and Tj+3 = iKj, two additional independent
generators given by
T7 =
i
2
(
0 1
−1 0
)
, T8 =
1
2
(
0 1
1 0
)
, (3.22)
and a final set of three generators T9, T10, and T11 forming a closed representation of SU(2) on the lower
components:
Tj+8 =
1
2
(
0 0
0 σj
)
, (3.23)
where 0 are 2 × 2 zero matrices. Although they are linearly independent of all other generators in the
unified group, the set of 8 Hermitian generators Ts for s : 1→ 8 do not form a closed algebra independent
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of the other Hermitian generators. However, of course, the group of all 15 traceless generators close within
the algebra of SU(4).
In the constructions that follow, the internal group symmetries will initially be developed for a masive
particle state transformed 4-spinor of the form ψ¯(x) =


φ¯1(x)e
iω¯1(x)
0
0
0

. While the generators T9, T10,
and T11 leaves the transformed state spinor ψ¯ invariant, there is no combination of the generators Ts
for s : 1 → 8 that does so. However, one can construct a set of linearly independent generators of
an SU(3) algebra that can be transformed into an internal symmetry through CKM mixing between
three generations. In what follows, a straightforward set of generators for internal SU(2) and SU(3)
symmetries will be constructed to demonstrate the unified closure of a group of 11 linearly independent
hermitian generators, along with the 4 hermitian generators in the extended Lorentz group defining the
representations of the linear spinor fields.
3.1 Invariance of an internal SU(2) algebra
The generators τj ≡ Tj+8 transform under a set of internal tranformations M(2) in the space of reduced
dimension that leaves the transformed spinor ψ¯ unchanged, in the form
M(2) =
(
1 0
0 S(2)
)
, (3.24)
where S(2) is a unitary unimodular transformation matrix in SU(2), and 1 is the 2×2 identity matrix.
All generators transform in this reduced dimensional subspace according to G′r = M
(2)Gr(M
(2))−1,
preserving their group algebra. The transformed state spinor ψ¯ is invariant under transformations involving
M(2), making it an internal invariance group for this spinor, since any SU(2) rotated set of the generators
could alternatively have been chosen to construct this independent subspace without altering any of the
extended Lorentz group generators.
It is clear that the eigenbasis of this chosen set of independent SU(2) transformations is the same as that
of the generators Γ0 and J3 that describe (little group) invariance transformations on the particle mass
states. This means that transitions that are purely induced by this SU(2) symmetry will preserve internal
quantum numbers within any single mass eigenstate generation of ψ¯. However, there is no additional set
of linearly independent SU(3) transformations in this basis, requiring that any mix of SU(2) and SU(3)
induced transformations necessarily involves mixing among eigenbases. This mixing will be demonstrated
in the next section.
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3.2 Construction of an internal SU(3) algebra
To begin, consider the following set of SU(3) generators that leave ψ¯ invariant:
t1 =


0 0 0 0
0 0 0 0
0 0 0 12
0 0 12 0

 , t2 =


0 0 0 0
0 0 0 0
0 0 0 i2
0 0 − i2 0

 , t3 =


0 0 0 0
0 0 0 0
0 0 − 12 0
0 0 0 12

 ,
t4 =


0 0 0 0
0 0 0 12
0 0 0 0
0 12 0 0

 , t5 =


0 0 0 0
0 0 0 i2
0 0 0 0
0 − i2 0 0

 , t6 =


0 0 0 0
0 0 12 0
0 12 0 0
0 0 0 0

 ,
t7 =


0 0 0 0
0 0 i2 0
0 − i2 0 0
0 0 0 0

 , t8 =


0 0 0 0
0 −1 0 0
0 0 12 0
0 0 0 12

 . (3.25)
The generators tj define a set of internal tranformations M
(3) in the space of reduced dimension of the
form
M(3)(α) =
(
1 0T
0 S(3)
)
= ei
∑
αsts , (3.26)
where S(3) is a unitary unimodular transformation matrix in SU(3) and 0 is a 1×3 zero vector. The
transformed state spinor ψ¯ is invariant under transformations involving M(3), making M(3) an internal
invariance group for the spinor. The SU(3) ‘flavor’ eigenstates will be defined using this basis.
It is important to note that the matrices ts do not form a set of linearly independent generators in
the particle state representation eigenbasis for which Γ0 and J3 are diagonal (in part because there can
only be 3 independent diagonal traceless generators total). A construction of independent generators in
the particle state eigenbasis requires that three ‘generations’ of ‘flavor’ eigenstates be mixed from the
reduced subspace. A convenient mechanism for developing the appropriate mixing is provided through
general CKM matrices[7, 8] embedded within GL(4). The particular choice for mixing will be the set of all
transformations on the 3× 3 subspace that leaves the causal partner of ψ¯ invariant demonstrated below:
M23 =


1 0 0 0
0 cos(θ23) sin(θ23) 0
0 − sin(θ23) cos(θ23) 0
0 0 0 1

 , M31 =


cos(θ31) 0 sin(θ31)e
−iδ31 0
0 1 0 0
− sin(θ31)eiδ31 0 cos(θ31) 0
0 0 0 1

 ,
M12 =


cos(θ12) sin(θ12) 0 0
− sin(θ12) cos(θ12) 0 0
0 0 1 0
0 0 0 1

 , UCKM ≡M23M31M12. (3.27)
Most CKM transformations of this type on the generators t˜s ≡ UCKMtsU1CKM will produce a set of
generators t˜s satisfying the algebra of SU(3) that, along with three additional generators, form a group
of 11 linearly independent hermitian generators alternative to the previous set {T1, ...,T11}.
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For clarity, consider the example CKM transformation from the SU(3) eigenbasis to the Γ0,J3 eigen-
basis parameterized using (θ12 → 0, θ23 → 0, θ31 → π4 , δ31 → 0):
UCKM =


1√
2
0 1√
2
0
0 1 0 0
− 1√
2
0 1√
2
0
0 0 0 1

 . (3.28)
The prior set of 11 linearly independent hermitian generators {T1, ...,T11} can be directly decomposed in
terms of a new set of 11 linearly independent hermitian generators given by
{
t˜1, ..., t˜8, ∆˜1 ≡ (T1 −T5)/2, ∆˜2 ≡ (T2 +T4)/2, ∆˜3 ≡ (T3 +T7)/2
}
.
The set of matrices {t˜1, ..., t˜8} continue to obey the same closed SU(3) algebra as the transformed gener-
ators {t1, ..., t8} in the internal SU(3) eigenbasis. To demonstrate their linear independence in the unified
algebra of the linear spinor fields, the original set of 11 hermitian matrices are decomposed in Eqn. 3.29.
T1 = −J2 −
√
2 t˜2 +
√
2 t˜7 + 2∆˜1 T2 = J1 −
√
2 t˜1 −
√
2 t˜6 + 2∆˜2 T3 = −t˜5 + ∆˜3
T4 = −J1 +
√
2 t˜1 +
√
2 t˜6 T5 = −J2 −
√
2 t˜2 +
√
2 t˜7 T6 = −J3 − 32 t˜3 − t˜4 + 12 t˜8
T7 = t˜5 + ∆˜3 T8 = −J3 − 32 t˜3 + t˜4 + 12 t˜8
T9 =
√
2 t˜1 − ∆˜2 T10 = −
√
2 t˜2 + ∆˜1 T11 =
1
2 (−Γ0 + J3 − t˜3 − t˜8)
(3.29)
The previously discussed 3 internal SU(2) generators τj ≡ Tj+8 are no longer in the set of 11 linearly
independent hermitian generators. One sees that any relationship between the ‘flavor’ eigenstates of
linearly independent generators of an internal SU(3) symmetry and the ‘flavor’ eigenstates of linearly
independent generators of an internal SU(2) symmetry, Γ0 and J3 on ψ¯ within the confines of the extended
Poincare group defining particle state representations necessarily involves CKM mixing between three
‘generations’.
The generators {t˜1, ..., t˜8} define an independent group of SU(3) transformations on the 4-spinors that
will be denoted S˜. Generally using this procedure for arbitrary CKM transformations, an internal SU(3)
symmetry group for the transformed state spinor ψ¯ is defined using the CKM transformation
M(3) ≡ U−1CKM S˜ UCKM , (3.30)
where the generators t˜r of the symmetry group S˜ must form a linearly independent set of hermitian
matrices in SU(4) consistent with the extended Lorentz group transforming particle state representations
within that same group space.
3.3 Transformation properties of causal fields
Pairs of quantum fields that obey microscopic causality either commute or anti-commute for space-like
separations (~y−~x) of the space-time coordinates of those fields (i.e. outside of the light cone). The form of
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a causal spinor field that has the expected properties under parity, time reversal, and charge conjugation
is given by
Ψˆ
(Γ)
(γ)(~x) ≡
1√
2
∑
J,sz
∫
mc2 d3p
ǫ(p)
[
e
i
h¯
(p·x−ǫ(p) t)
(2πh¯)3/2
u
(Γ)
(γ)(~p,m, J, sz) aˆ
(Γ)
(γ)(~p,m, J, sz)+
(−)J+sz e
− i
h¯
(p·x−ǫ(p) t)
(2πh¯)3/2
u
(Γ)
(−γ)(~p,m, J,−sz) aˆ
(Γ)†
(−γ)(~p,m, J, sz)
]
, (3.31)
in terms of the creation and annihilation operators for the particle states. The normalization has been
chosen to have non-relativistic correspondence, mc
2 d3p
ǫ(p) → d3p for p << mc . The fields are causal in
that they anti-commute/commute outside of the light cone according to whether the spin Jmax = Γ is a
half-integer or an integer, i.e.[
Ψˆ
(Γ)
(γ)(~y), Ψˆ
(Γ)
(γ)(~x)
]
±
= 0 for (~y − ~x) · (~y − ~x) > 0, where ± = −(−1)2J . (3.32)
Microscopic causality compels a well defined relationship of the contributions of spinor states u
(Γ)
(γ)(~p,m, J, sz)
to those of their causal partners u
(Γ)
(−γ)(~p,m, J,−sz) in the construction of a causal field in configuration
space. Under general Poincare transformations, the fields transform according to
Uˆ(Λ,~a)
[
Ψˆ
(Γ)
(γ)(~x)
]
b
Uˆ †(Λ,~a) =
∑
b′
D(Γ)bb′ (Λ−1)
[
Ψˆ
(Γ)
(γ)(Λ~x + ~a)
]
b′
, (3.33)
where the matrices D(Γ)bb′ (Λ) form a finite-dimensional representation of the Lorentz group of transforma-
tions Λ [9].
In order to establish a relationship between a causal spinor field Ψ and the transformed spinor ψ¯, a
particular local Euclidean rotation RL will be parameterized as follows:
R14 =


cos(ζ14) 0 0 sin(ζ14)e
iω14
0 1 0 0
0 0 1 0
− sin(ζ14)e−iω14 0 0 cos(ζ14)

 , R13 =


cos(ζ13) 0 sin(ζ13)e
iω13 0
0 1 0 0
− sin(ζ13)e−iω13 0 cos(ζ13) 0
0 0 0 1

 ,
R12 =


cos(ζ12) sin(ζ12)e
iω12 0 0
− sin(ζ12)e−iω12 cos(ζ12) 0 0
0 0 1 0
0 0 0 1

 , RL ≡ R14R13R12 (3.34)
where the angles and phases are chosen according to the general form
Ψ(x) = RL(x)ψ¯(x) =


φ1(x)e
iω1(x)
φ2(x)e
iω2(x)
φ3(x)e
iω3(x)
φ4(x)e
iω4(x)

 =


φ1(x)e
iω1(x)
−φ1(x) tan(ζ12) sec(ζ13) sec(ζ14)eiω2(x)
−φ1(x) tan(ζ13) sec(ζ14)eiω3(x)
−φ1(x) tan(ζ14)eiω4(x)

 , (3.35)
with ω1s ≡ ω1 − ωs. The transformed spinor with the internal symmetry groups then has the form
ψ¯(x) =


√
(φ1(x))2 + (φ2(x))2 + (φ3(x))2 + (φ4(x))2 e
iω1(x)
0
0
0

 = R−1L (x)Ψ(x). (3.36)
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Using this relationship, internal local symmetries on the general causal fields will be demonstrated in the
next section.
3.4 Local gauge symmetries of linear spinor fields
Using the internal SU(3) symmetry transformation M(3) on ψ¯ from Eqn. 3.30, and the relationship of
the transformed spinor ψ¯ to the general causal spinor field expressed in Eqn. 3.36, a local internal SU(3)
symmetry on the causal spinor field is given by
U(3)(x) = RL(x)M
(3)(x)R−1L (x) = RL(x)U
−1
CKM S˜(α(x))UCKMR−1L (x), (3.37)
where αs(x) are the eight generally locally dependent gauge group parameters of SU(3), and one repre-
sentation of S˜ is given by S˜(α) = ei
∑
αst˜s . It should be reemphasized that the set of SU(3) generators
t˜s on the SU(4) space must be a subset of the linearly independent generators that include those of the
extended Lorentz group.
Similarly, the internal SU(2) symmetry transformation M(2) on ψ¯ from Eqn. 3.24 defines a local
internal SU(2) symmetry on the causal spinor field given by
U(2)(x) = RL(x)M
(2)(θ(x))R−1L (x), (3.38)
where θj(x) are the three generally locally dependent gauge group parameters of SU(2), and M(2)(θ) =
ei
∑
θjτj . Both (3.37) and (3.38) are local internal symmetries on the causal spinor fieldU(x)Ψ(x) = Ψ(x).
However, the internal SU(2) and SU(3) symmetries do not share the same eigenbasis, since no set of
linearly independent generators including the extended Lorentz group, SU(2), and SU(3) can be found.
The different eigenbases are related via CKM mixing in the enlarged unified group via UCKM .
For any physical system with an internal symmetry group, the assignment of local space-time coordinate
dependence to group transformation parameters results in a system with gauge invariance, as long as the
generators for space-time translations Pˆβ are replaced in any Lagrangian or field equation describing
the dynamics using minimal coupling Pˆβ → 1Pˆβ −
∑
r
q
cA
r
β(x)Gr , where Gr represents the generator of
infinitesimal transformations along group parameter αr(x), and Arβ(x) represents the gauge field. The
local internal symmetry U(α(x)) is maintained as long as the gauge fields transform according to (see
reference [10] or section 3.4.1 of reference [1])
Arβ(x : α) =
∑
s
Asβ(x) ⊕rs (α(x)) + arβ(x), ∂βU(α(x)) =
q
h¯c
∑
s
asβ(x)iGsU(α(x)), (3.39)
where U(α)GsU
−1(α) ≡∑r ⊕rs(α)Gr, and the functions asβ(x) are related to the derivative of the group
parameters. The gauge group topology of the local mapping in space-time of the group structure functions
determines the monopole structure of the sources of the gauge interactions (see section 4.2 of [1]). The
inclusion of geometrodynamics occurs via the principle of equivalence, with a replacement of the operations
9
in locally flat space-time using covariance: ΓµPξµ → Γµ ∂xβ∂ξµ Pβ , where ξµ are locally flat coordinates with
conjugate momenta Pξµ . The operators Pξµ are the generators in the extended Poincare algebra.
4 Conclusions
General formulations of scattering theory that are unitary, maintain quantum linearity in space-time
translation generators, have positive definite energies, and have straightforward cluster decomposition
properties, can be constructed in a straightforward manner using linear spinor fields. The fundamental
representation of linear spinor fields unifies a set of internal local symmetries including a U(1) symmetry
along with 11 additional hermitian generators that can represent a linearly independent SU(2) symmetry
or a linearly independent SU(3) symmetry, but not both. The eigenbasis of the linearly independent SU(3)
symmetry has been shown to be related to that of the SU(2) symmetry via a CKM transformation mixing
the symmetries in SU(4). Internal local gauge symmetries for SU(2) and SU(3) on causal spinor fields
have been demonstrated.
The geometrodynamics of general relativity is directly incorporated in the field equation satisfied by the
linear spinor fields through the principle of equivalence. Furthermore, group algebraic invariants explicitly
include the Minkowski metric as calculated using the non-abelian algebra of generators that carry space-
time indeces, extending interior group structure to the dynamics of general coordinate transformations.
The piece of the group algebra that connects the group structure to metric gravitation via the equivalence
principle (the algebra of Γˆβ) necessitates the inclusion of an additional group operator that generates
affine parameter translations for massless particles. This allows dynamic mixing of massless particles in a
manner not allowed by the standard formulations of Dirac or Majorana. On-going work is examining the
extent that the present neutrino mixing phenomenology can be modeled considering neutrinos as massless
spinor fields of differing transverse mass. Future work will examine the quantum number flows via the
self-adjoint (γ) = 0 degenerate eigenstates of Γˆµ Pˆµ for the Γ = 1 representation of linear spinor fields
that can mix with massless vector particles. This representation contains a self-adjoint scalar particle, a
self-adjoint vector particle, another vector particle, and its adjoint vector particle.
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